Radiation Control Coatings (RCC) are commonly recognised as paints, in which the long-wave radiation emissivity can be dramatically reduced from 0.9 to below 0.25 due to the dispersion of aluminium flakes inside the base paint. The low emissivity (Low-E) feature makes these materials particularly suitable for reducing the radiative heat exchange in building components and worthy of being used in roof attics, pipes, heat storage tank, etc. However, in the last few years, the application to the indoor surfaces of the building envelope has become quite popular, because the reflective properties can be exploited to increase the thermal comfort and reduce the winter heat losses. Except for aluminium based paint, that, for their strong metallized effect, suffer from some aesthetical limitation, the claimed performance of most of the other commercially available reflective paints are not universally recognized and in most of the cases their properties are misled, referring to visible and short wave infrared reflectivity. In this paper, a new methodology for assessing the long-wave thermal emissivity by using a heat flow meter apparatus is proposed. Moreover, the thermal emissivity of different paint mixtures with reduced metallised effect is assessed. The results allow for affirming that paints with acceptable aesthetic value (limited metallized effect) can reach an emissivity of 0.60 instead of a typical emissivity of paint between 0.85-0.90. Furthermore, the partition wall of a double climatic chamber apparatus was painted with different low-E paints to evaluate whether an increase of the indoor operative temperature would have been observed. A slight, but not negligible, increase was shown of up to 0.3 • C and 0.6 • C for paint with an emissivity of~0.6 and 0.4, respectively.
Introduction
The effect of reflective thermal insulation was discovered in the middle of the 19th century by J.C.E. Peclet [1] . He experimentally observed that a multilayer structure of thin metal foil facing airspaces presents good insulation properties. Nevertheless, the commercial development of this technology started in the early 1900s with the patents that were published by E. Schmidt [2] and E. Dykerhoff [3] .
Thermal radiation is emitted by all the surfaces at T > 0 K, the radiative power is reciprocally exchanged between bodies at different temperatures. "The term 'thermal' includes all of the electromagnetic waves with a wavelength between 10 −2 and 10 3 µm: ultraviolet (UV), light (L) and infrared (IR), wavelength" [4] .
However, in opaque building components not exposed to solar radiation, the radiative heat transfer discussed in this paper only includes the IR-radiation (wavelength between 0.76 and 10 3 µm).
However, in opaque building components not exposed to solar radiation, the radiative heat transfer discussed in this paper only includes the IR-radiation (wavelength between 0.76 and 10 3 μm). The radiative energy is transported by electromagnetic waves that do not need a medium to be transferred (in contrast with conduction and convection heat transfer).
"The radiation that is emitted by a surface, and the rate at which energy is released per unit area (W/m 2 ) is termed the surface emissive power E. In grey bodies (real surface) it is calculated by Equation (1) . Where: ε is a radiative property of the surface termed the global emissivity.
This property provides a measure of how efficiently a surface emits energy relative to a blackbody. It strongly depends on the surface material and finishing" [5] . 
The term σ and Ts are, respectively, the Stefan-Boltzmann's constant = 5.67 × 10 −8 W/(m 2 K 4 ), and the surface temperature (K).
The basic principle of Low-E materials is to reduce the emissive IR-radiation power (Low emittance) or reflect most of it in the case of received IR radiative power (high reflectance).
Most of the typical building materials show high IR-emissivity > 0.8 and low IR-reflectivity < 0.2, on the contrary, "Aluminum foil and metallized surface has a very low emittance, which explains its use in reflective insulation and radiant barriers" [6] .
In reflective paints identified as Radiation Control Coatings RCC [6] , the emissivity can be dramatically reduced from 0.9 to below 0.25. This is possible due to the dispersion of aluminium flakes as pigment inside the base paint coat [6] .
Despite the emissivity values of conventional paints being between 0.85 and 0.9, it is possible to find on the market Low-E paints with emissivity that range between 0.15-0.49 [7] (higher if compared to aluminium foil).
This solution can have an advantage, since it could be applied in a faster way (spray paint, brush paint) and can be suitable for a large set of applications in the construction sector by painting: "the inside of a boiler room to reduce the heat losses, the external roof surface to repel summer heat and lower radiation losses in the winter" [6] . Some other examples are provided by [8] , in which low emittance paints were applied in the wall behind heaters/radiators to reduce the wall heat losses or by covering the void surfaces in hollow bricks (also analysed in [9] [10] [11] ). Sedlbauer et al. (2011) studied an interesting application on the exterior surface of ETICS to reducing the Risk of Microbial Growth [12] .
Despite the growing interest in this paint technology, nowadays it mainly found its application in reducing the overheating in attic space in cooling dominant climates (Figure 1 ), as investigated in [13] . Nevertheless, only a limited number of studies, some of them only theoretical, were focused on analysing the possible application of Low-E paints as interior radiation control coatings system (IRCCS) to reduce the building energy consumption for heating and cooling.
An experimental study by Joudi et al. [14, 15] analysed the effect of an interior low emissivity coating (ε = 0.25) that was applied to the indoor surface of a small cabin in Sweden. The indoor temperature and the energy consumption for heating and cooling the building was monitored and then compared to a normal cabin without an interior surface coating. The results show a~5% reduction in heating energy consumption. Moreover, a theoretical study was carried out simulating the energy consumption of a retail house under different climates. The results highlight that reducing the internal surface emissivity determines a significant reduction in the heating energy demand for all of the considered climates. On the contrary, a slight increase of the cooling energy demand was observed. These penalties can be considered negligible in cold climates, on the contrary in a warm climate the increase of the cooling demand in summer cannot be counterbalanced by the winter benefits.
An energy-saving coherent with [15] was reported by Buckmaster et al. [16] . The study analyses through CFD simulations the interaction between the interior emissivity and the energy consumption in a simple room. The results for well-sealed room claims a~5% of energy saving. Nevertheless, the benefits can significantly differ for high ventilation rate.
More recent theoretical studies of low-emissivity coatings (ε = 0.1) applied to the indoor surfaces of a room, highlight possible savings of up to 22% if an operative temperature-based control at a position near a low-emissivity surface is implemented.
Nevertheless, by using paints with ideal emissivity of 0.1 [15] [16] [17] ), most of the low-emissivity paints commercially available present a higher thermal emissivity [7] , even though several studies have theoretically demonstrated interesting improvement in the winter indoor comfort conditions and energy savings of between 5% and 22%.
Moreover, all of these Low-E paints contain metal flakes that confer a final metalised effect (silver colour); this aspect could be less relevant for special environments (ice rink ceilings, indoor ski tracks) and for industrial buildings, while it could represent a strong limitation from the aesthetical point of view in residential and office buildings.
In light of these considerations, the aims of this research study are:
• At the material level, to experimentally assess the emissivity properties of different paint mixtures with limited metallised effect and, therefore, higher emissivity by changing the aluminium paint concentration. For this sake, a new procedure while using Heat Flow Meter apparatus was developed. • At the component/room level, to analyse whether some benefits (increase of wall thermal insulation and improvement of the indoor comfort) are still achievable, even by using paints with a more realistic emissivity and with limited metallised effect. In the present study, paints with different emissivity (from~0.4 to~0.9) were applied on one side of the partition wall of a double climatic chamber apparatus and their performance was compared.
Materials and Methods
The experimental analyses were carried out at a different level. At the material level, a new methodology for assessing the thermal emissivity of paints was developed and tested. Moreover, five paint mixtures with different aluminium concentration and, therefore, different emissivity were measured. At the room level, three of the previously analysed paints were selected and applied in the partition wall of a double climatic chamber apparatus. Subsequently, a comparative analysis was carried out while considering both the wall heat loss reduction and the indoor operative temperature.
Analysis at the Material Level
The surface thermal emissivity ε near room temperature can be assessed by radiometric or calorimetric methods [18] .
A standardised radiometric method is based on the use of a portable emissiometer according to ASTM C1371-15 [19] . This method presents as the main limitation that only a small portion of the surface can be measured. This means that the reliability of this method is strictly related to the homogeneity of the surfaces.
A calorimetric method for determining the emissivity ("measurement of heat lost or gained by a specimen through radiant heat transfer" [18] ) is presented in [7] . The method consists in the adoption of a heat flow meter apparatus. The instrument can directly measure the total specific heat flow between two flat parallel surfaces (upper plate and lower plate). In Figure 2 the heat transfer contribution between the plate of the instrument are represented. A standardised radiometric method is based on the use of a portable emissiometer according to ASTM C1371-15 [19] . This method presents as the main limitation that only a small portion of the surface can be measured. This means that the reliability of this method is strictly related to the homogeneity of the surfaces.
A calorimetric method for determining the emissivity ("measurement of heat lost or gained by a specimen through radiant heat transfer" [18] ) is presented in [7] . The method consists in the adoption of a heat flow meter apparatus. The instrument can directly measure the total specific heat flow between two flat parallel surfaces (upper plate and lower plate). In Figure 2 the heat transfer contribution between the plate of the instrument are represented. Assuming that the convection heat transfer can be considered suppressed for small air gaps [20] , the total specific heat flow φtot (W/m 2 ) measured by the apparatus can be written as in (Equation (2)):
where:
• λ represents the thermal conductivity of still air calculated according to Equation (4) [21] . • φrad (W/m 2 ) is calculated according to Equation (3) [7] .
• ΔT is the temperature difference between the upper and the lower plate surfaces (K); • σ is the Stefan-Boltzmann's constant = 5.67 × 10 −8 W/(m 2 K 4 ); • ε1 and ε2 are the emissivities of the lower and upper surface respectively; • Tm is the average temperature between the two surfaces. λ = 0.0242396 (1 + 0.003052 T − 1.282 • 10 T )
where T is the average air temperature given in (°C). Assuming that the upper and lower surfaces have the same emissivity, it is possible to simplify Equation (3) in Equation (5):
The total specific heat flow can be calculated as the sum of the radiation and conduction contributions to the overall specific heat flow φtot (Equation (6)).
Hence, the emissivity ε can be determined as follows (Equation (7)):
The method presented in [7] can be ideally applied if the emissivity of the two surfaces of the HFM apparatus is identical. Nevertheless, coating both the instrument plates can be a non-trivial Assuming that the convection heat transfer can be considered suppressed for small air gaps [20] , the total specific heat flow ϕ tot (W/m 2 ) measured by the apparatus can be written as in (Equation (2)):
• λ represents the thermal conductivity of still air calculated according to Equation (4) [21] . • ϕrad (W/m 2 ) is calculated according to Equation (3) [7] .
• ∆T is the temperature difference between the upper and the lower plate surfaces (K); • σ is the Stefan-Boltzmann's constant = 5.67 × 10 −8 W/(m 2 K 4 ); • ε 1 and ε 2 are the emissivities of the lower and upper surface respectively; • T m is the average temperature between the two surfaces.
where T is the average air temperature given in ( • C). Assuming that the upper and lower surfaces have the same emissivity, it is possible to simplify Equation (3) in Equation (5):
The total specific heat flow can be calculated as the sum of the radiation and conduction contributions to the overall specific heat flow ϕ tot (Equation (6)).
The method presented in [7] can be ideally applied if the emissivity of the two surfaces of the HFM apparatus is identical. Nevertheless, coating both the instrument plates can be a non-trivial task. For this reason, in the following section, the adaptation of the method to measure the emissivity of paints and coatings only placed on one side of the experimental apparatus is presented.
Application of the HFM Measurement Method
For the experimental analysis, a TA instrument-FOX 600, single sample Heat Flux Meter (HFM) apparatus was used, the main characteristic of the device are resumed in Table 1 . Only the lower plate surface was taped with a vinyl foil and then painted with a low emissivity paint or coated with aluminium foil since the painting of both the upper and the lower surfaces results costly from the point of view of the preparation of the experiments, as illustrated in Figure 3a . For this reason, the measurement was carried out in two steps. In the first step, the emissivity of the uncoated heat flux meter plate was determined according to Equation (8) . In the second step, the measurements of the radiation specific heat flow were carried out with one coated surface according to Equation (9) . To avoid the lateral heat losses, the measurement was performed placing a soft ring of polyester fibre between the two HFM plates and maintaining a central empty area of 400 × 400 mm 2 (Figure 3b ), while the instrument measurement area is 254 × 254 mm 2 (the effective area where the sensors are placed)
Subsequently, the coating emissivity ε 1 was determined by replacing ε 2 in Equation (8) with the previously measured ε of the uncoated HFM plates.
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It is possible to assert that the increase of ϕ rad can be attributed to the unsuppressed convection heat transfer, which became significant for thickness > 10 mm, since radiation heat transfer cannot be influenced by the air gap thickness. constant at 25 °C, to verify this hypothesis and identify the measurement condition to be utilized for further analyses. Moreover, only downward heat fluxes were applied to reduce the buoyancy effects. Table 2 resumes the measured values of specific heat flow and emissivity, while the measured total specific heat flow and the radiation heat transfer contribution are plotted in Figure 4a and b, respectively. As it is possible to observe, the determined emissivity does not present any dependency by the temperature difference, i.e., with 5 mm of the air gap thickness the variation of emissivity is negligible (from 0.410 to 0.412). Nevertheless, a small but not insignificant influence on the measured emissivity is due to the variation of the thickness s. This variation is also visible in Figure 4b , which shows the higher measured value of radiation heat transfer φrad for 12.5 mm air gap (+5% if compared to 5 mm air gap), while from 5 to 10 mm the differences are lower than 2.5% and can be considered to be negligible.
It is possible to assert that the increase of φrad can be attributed to the unsuppressed convection heat transfer, which became significant for thickness > 10 mm, since radiation heat transfer cannot be influenced by the air gap thickness. The illustrated results highlight that the presented methodology can be adopted if the air gap thickness is <10 mm and if downward heat flux is applied by the HFM apparatus. The illustrated results highlight that the presented methodology can be adopted if the air gap thickness is <10 mm and if downward heat flux is applied by the HFM apparatus.
Measurements on Different Low-E Paint
The aim of the presented study is to analyse the effect of the aluminium paint content and the impact on the final emissivity values. For this reason, different paints mixtures were prepared by mixing a commercial aluminium paint with matt paint, as illustrated in Figure 5a , and then all of the mixtures were applied on the lower surface of the HFM apparatus ( Figure 5b ). The emissivity values were measured as illustrated in Section 2.1.1. Table 3 reports the Al paint concentration of all the measured mixtures. Moreover, in Figure 6 , a photographic survey of the different paint mixture (sample "a" series) is reported.
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Analysis at Room Level
The analysed room having a dimension of 312 cm length, 272 cm depth, and 241 cm height, was heated at 22 ± 0.3 °C by using an electric radiator placed in the opposite side of the coated wall. The cold room representing the exterior environment was maintained at 10 ± 1 °C by a direct expansion cooling system (Figure 7a) .
The party-wall is made by 6 mm thick MDF board (Medium Density Fibreboard), with a thermal conductivity λ of 0.102 ± 0.002 W/m K (previously measured by HFM apparatus).
The wall thermal behaviour was monitored by placing two heat flux sensors HFP02 (uncertainty < 3%) and six thermocouples (uncertainty < ±0.25 °C) for the measurement of the air and surface temperatures on both sides of the wall.
The experiments were repeated for three wall configurations, with each configuration being coated on the interior side with different paints described in Section 2.1.2:
• Config. 1: a100 paint (ε = 0.41) ( Figure 7b ); • Config. 2: a50 paint (ε = 0.60) ( Figure 7c) ; and, • Config. 3: a0 paint (ε = 0.88) (Figure 7d ).
The wall thermal transmittance U was determined by applying the average method according to ISO 9869-1:2015 standard [22] (Equation (10)). Moreover, Equation (11) determines the indoor surface heat transfer coefficient. 
The analysed room having a dimension of 312 cm length, 272 cm depth, and 241 cm height, was heated at 22 ± 0.3 • C by using an electric radiator placed in the opposite side of the coated wall. The cold room representing the exterior environment was maintained at 10 ± 1 • C by a direct expansion cooling system (Figure 7a) .
The wall thermal behaviour was monitored by placing two heat flux sensors HFP02 (uncertainty < 3%) and six thermocouples (uncertainty < ±0.25 • C) for the measurement of the air and surface temperatures on both sides of the wall.
The wall thermal transmittance U was determined by applying the average method according to ISO 9869-1:2015 standard [22] (Equation (10)). Moreover, Equation (11) 
where: ϕ is the specific heat flow measured through the partition wall (W/m 2 ); T s,i is the internal surface temperature ( • C); and, T air,i and T air,e are, respectively, the internal (heated room) and external (cooled room) air temperature.
where: φ is the specific heat flow measured through the partition wall (W/m 2 ); Ts,i is the internal surface temperature (°C); and, Tair,i and Tair,e are, respectively, the internal (heated room) and external (cooled room) air temperature. 
Thermal Comfort Measurements
The measurements of the parameters to be adopted for the determination of the thermal comfort conditions were performed by using a Brüel & Kjaer-Indoor Climate Analyzer n.1213 (Figure 8 ) [23] . The instrument is equipped with a hygrometer, a dry bulb temperature sensor, a hot-wire anemometer, and a net radiometer for the measurement of the planar radiative temperature. A grid of sixteen points with equidistance of 60 cm was defined to mapping the indoor conditions, as illustrated in Figure 7a (Section 2.2). The sensors were positioned to measure the operative temperature at 60 cm height.
For each point, the mean radiant temperature Tmr was calculated by measuring the planar radiative temperature Tpr-i in the six directions of the space (up, down, left, right, front, and back) and the projected surface factor Ap-i for a person in the six direction of the space by using (Equation (12) 
The measurements of the parameters to be adopted for the determination of the thermal comfort conditions were performed by using a Brüel & Kjaer-Indoor Climate Analyzer n.1213 (Figure 8 ) [23] . The instrument is equipped with a hygrometer, a dry bulb temperature sensor, a hot-wire anemometer, and a net radiometer for the measurement of the planar radiative temperature. where: φ is the specific heat flow measured through the partition wall (W/m 2 ); Ts,i is the internal surface temperature (°C); and, Tair,i and Tair,e are, respectively, the internal (heated room) and external (cooled room) air temperature. 
For each point, the mean radiant temperature Tmr was calculated by measuring the planar radiative temperature Tpr-i in the six directions of the space (up, down, left, right, front, and back) and the projected surface factor Ap-i for a person in the six direction of the space by using (Equation (12)) [23]: A grid of sixteen points with equidistance of 60 cm was defined to mapping the indoor conditions, as illustrated in Figure 7a (Section 2.2). The sensors were positioned to measure the operative temperature at 60 cm height.
For each point, the mean radiant temperature T mr was calculated by measuring the planar radiative temperature T pr-i in the six directions of the space (up, down, left, right, front, and back) and the projected surface factor A p-i for a person in the six direction of the space by using (Equation (12)) [23] :
where, for a sitting person the projected surface factor A p-i correspond to 0.3 (X-axis), 0.22 (Y-axis), and 0.18 (Z-axis) (Fanger 1970 [24] ) ( Figure 9 ).
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where, for a sitting person the projected surface factor Ap-i correspond to 0.3 (X-axis), 0.22 (Y-axis), and 0.18 (Z-axis) (Fanger 1970 [24] ) ( Figure 9 ). For moderate indoor thermal environment if Tmr − Tair < 4 °C and for air velocity v < 0.2 m/s the operative temperature Top can be determined by the average between the mean radiant temperature Tmr and the room air temperature Tair (Equation (13)):
The PMV (predicted mean vote) and the PPD (predicted percentage dissatisfied) were calculated according to [25] , while assuming a metabolic rate of 1 (met) and thermal resistance of the clothes of 0.9 (clo).
Results

Results at the Material Level
The experimental results that were obtained with the procedure described in Section 2.1.1 are summarised in Table 4 . The measured emissivity of the aluminium foil and of the pure aluminium paint are respectively ~0.04 (sample c) (The emissivity ε ~ 0.04 of a commercial shine alluminium foil (sample c) was also measured by using a portable emissiometer according to ASTM C1371-15 [19] ) and ~0.41 (sample a100). It is worth to be mentioned that these results are in line with the values reported in ( [5, 7, 18] ).
In Figure 10 , a linear dependency of the emissivity as a function of the Al paint concentration is demonstrated. The results reveal that a change of 10% in the balance between the Al paint and the matt paint can determine a variation of approximately 0.047 of the final emissivity of the sample.
One of the main drivers for a large diffusion of these materials is to minimise the metallized effect of the finishing since these paints can be used as interior radiation control coating in buildings. Considering this aspect, an interesting result in terms of emissivity value (ε ~ 0.6) was reached by the sample a50 (50% of aluminium paint concentration). As demonstrated in the following section this material can have a non-negligible influence on the indoor mean radiant temperature with a valuable aesthetic value ( Figure 6 ). Table 4 . Summary of the results obtained with the HFM procedure (5 mm thick air gap). For moderate indoor thermal environment if T mr − T air < 4 • C and for air velocity v < 0.2 m/s the operative temperature T op can be determined by the average between the mean radiant temperature T mr and the room air temperature T air (Equation (13)):
Results
Results at the Material Level
The experimental results that were obtained with the procedure described in Section 2.1.1 are summarised in Table 4 . The measured emissivity of the aluminium foil and of the pure aluminium paint are respectively~0.04 (sample c) (The emissivity ε~0.04 of a commercial shine alluminium foil (sample c) was also measured by using a portable emissiometer according to ASTM C1371-15 [19] ) and 0.41 (sample a100). It is worth to be mentioned that these results are in line with the values reported in ( [5, 7, 18] ).
One of the main drivers for a large diffusion of these materials is to minimise the metallized effect of the finishing since these paints can be used as interior radiation control coating in buildings. Considering this aspect, an interesting result in terms of emissivity value (ε~0.6) was reached by the sample a50 (50% of aluminium paint concentration). As demonstrated in the following section this material can have a non-negligible influence on the indoor mean radiant temperature with a valuable aesthetic value ( Figure 6 ). 
Results at Room Level
The influence of low emissivity coatings that were applied to the interior side of one external wall turned out a slight, but not marginal contribution for the reduction of the heat losses through the external walls ( Figure 11 ) that can be summarised, as follows:
• the application of a100 paint (ε = 0.41) show a reduction of ~35% of the surface heat transfer coefficient hi both in measurements and in the results that were obtained by applying the ISO 6946:2007 (Table 5) ; and, • the application of a50 paint (ε = 0.60) show a reduction of ~19% of the surface heat transfer coefficient hi, similar results with a reduction of ~21% was obtained calculating hi (predicted) according to ISO 6946:2007 ( Table 5) ;
As expected, the reduction of the surface heat transfer coefficient affects the resulting U-value. In this specific case, it has to be underlined that, for research purposes (reduce the heat flux measurement uncertainty), an unrealistic wall component (6 mm of MDF) was used for the experiments. For building components that are characterised by poor insulating properties, the surface heat transfer represents the main driver of the U-value and this explains the high reduction of U-value up to 20% (Figure 11b ). However, this reduction is not realistic, since uninsulated wall components very rarely present U > 1.5-2 W/m 2 K, which means that, in real situations, a reduction of the U-value higher than 10% cannot be achievable. For moderately insulated building components, i.e., characterised by U = 0.5 W/m 2 K, the achievable reduction decrease below 4%, as can be observed in Figure 12 . These results are in line with those that were reported by [16] : in fact, considering that heat losses through opaque building envelope account only for a fraction of the heating energy consumption, solutions that claim energy savings above 5% (even with minor emissivity) should be considered with some skepticism.
Furthermore, important shortcomings should be highlighted: an undesirable effect of the reduction of the surface heat transfer coefficient determines a lowering of the indoor surface temperature (up to 1.5 °C of reduction was observed by applying paint with ε = 0.41); this effect, which is clearly represented in Figure 11a , can determine surface condensation and mould growth. 
• the application of a100 paint (ε = 0.41) show a reduction of~35% of the surface heat transfer coefficient h i both in measurements and in the results that were obtained by applying the ISO 6946:2007 (Table 5) ; and, • the application of a50 paint (ε = 0.60) show a reduction of~19% of the surface heat transfer coefficient hi, similar results with a reduction of~21% was obtained calculating h i (predicted) according to ISO 6946:2007 ( Table 5) ;
Furthermore, important shortcomings should be highlighted: an undesirable effect of the reduction of the surface heat transfer coefficient determines a lowering of the indoor surface temperature (up to 1.5 • C of reduction was observed by applying paint with ε = 0.41); this effect, which is clearly represented in Figure 11a , can determine surface condensation and mould growth. For this reason, the feasibility of the intervention should be carefully verified before applying low emissivity paints in both uninsulated walls and in walls that still present moisture-related pathologies.
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As discussed, the application of low emissivity paints benefits of the reduction of heat losses through the opaque components. Nevertheless, another not negligible benefit can be the improvement of the indoor comfort conditions. The results of the measurements with the indoor climate analyser for each measurement point are reported in Table A1 (Appendix A) . Moreover, Table 6 summarises the average results. As illustrated, the results show that the application of low emissivity paints a100 and a50 determines:
• an increase of the average mean radiant temperature of up to~0.9 (ε = 0.41) and up to~0.5 • C (ε = 0.6) respect to the high emissivity paint (ε = 0.88); • a slight increase in the average operative temperature of the room of~0.6 and~0.3 • C respectively with the a100 and the a50 paint; • an improvement of the indoor comfort condition. The PMV change from −0.56 with a0 paint (comfort category C [25] ) to −0.40 and −0.47 (comfort category B [25] ) with the low emissivity paints a100 and a50 respectively; • linear increase of the T mr , the T op and the PMV according to the decrease of the surface emissivity ( Figure 13) ; and, • a decrease of the average radiant planar asymmetry along the X-axis from 2.90 • C (ε = 0.88) to 1.63 • C (ε = 0.41). climate analyser for each measurement point are reported in Table A1 (Appendix A) . Moreover, Table  6 summarises the average results. As illustrated, the results show that the application of low emissivity paints a100 and a50 determines:
• an increase of the average mean radiant temperature of up to ~0.9 (ε = 0.41) and up to ~0.5 °C (ε = 0.6) respect to the high emissivity paint (ε = 0.88); • a slight increase in the average operative temperature of the room of ~0.6 and ~0.3 °C respectively with the a100 and the a50 paint; • an improvement of the indoor comfort condition. The PMV change from −0.56 with a0 paint (comfort category C [25] ) to −0.40 and −0.47 (comfort category B [25] ) with the low emissivity paints a100 and a50 respectively; • a linear increase of the , the and the PMV according to the decrease of the surface emissivity ( Figure 13) ; and, • a decrease of the average radiant planar asymmetry along the X-axis from 2.90 °C (ε = 0.88) to 1.63 °C (ε = 0.41). 
Conclusions
In this study, a procedure for the determination of the thermal emissivity by Heat Flux Meter Apparatus has been presented. The developed method was used to measure the infra-red emissivity of paints mixtures containing a different percentage of aluminium paint. The results show a variation of the emissivity from 0.41 to 0.88, depending on the aluminium paint concentration. It is worth noting that the paint mixture containing a 50% of aluminium paint with a reduced metallized effect present a reduction of emissivity in comparison to a matte paint from 0.88 to 0.60. The results are encouraging and they highlight that paints with good aesthetic value (limited metalized effect), and reduced emissivity, can be specifically developed for the application as interior radiation control coating. 
In this study, a procedure for the determination of the thermal emissivity by Heat Flux Meter Apparatus has been presented. The developed method was used to measure the infra-red emissivity of paints mixtures containing a different percentage of aluminium paint. The results show a variation of the emissivity from 0.41 to 0.88, depending on the aluminium paint concentration. It is worth noting that the paint mixture containing a 50% of aluminium paint with a reduced metallized effect present a reduction of emissivity in comparison to a matte paint from 0.88 to 0.60. The results are encouraging and they highlight that paints with good aesthetic value (limited metalized effect), and reduced emissivity, can be specifically developed for the application as interior radiation control coating.
Furthermore, the effect of the different Interior Radiation Control Coatings IRCC was investigated through an experimental campaign in a double climatic chamber apparatus. The experimental results demonstrate that the application of IRCC determines:
• a significant reduction of the indoor surface heat transfer coefficient, respectively of~35% with 100% aluminium paint and 19% with 50% aluminium paint that can result in the slightly but non-negligible reduction of the wall heat losses (especially in non-insulated walls); • a decrease of the measured wall U-value above 20% (from 3.49 to 2.74 W/m 2 K) with a 100% aluminium paint. However, it is worth mentioning that, for a slightly insulated wall (U-value = 0.5 W/m 2 K), the U-value reduction that can be achieved is below 4%, meaning that the effect of the low emissivity coating is negligible for more insulated building components; and, • an increase of the indoor mean radiant temperature of~0.9 • C and~0.5 • C and of the operative temperature of~0.6 • C and~0.3 • C respectively with 100% and 50% of aluminium paint.
The above-mentioned results highlight that the application of IRCC shows a slight improvement of the indoor comfort condition as well as a marginal reduction of the heat losses. However, the results are encouraging especially considering that:
• IRCC represents a low-cost solution that can be easily applied on the interior side of the external walls; • IRCC can be easily coupled with other insulating technologies (i.e., aerogel rendering and coatings [17] ) making it a promising solution for all the interventions, in which space-saving represents a constraint; and, • further improvements in the paint emissivity properties can be achieved working towards optimization of the final mixture.
Moreover, possible higher exploitation of these materials can be envisioned in envelopes for special environments i.e., ice rinks, temporary buildings, automotive, and marine sector.
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Appendix A
Sample Point Distance from Wall T air RH v air T pr,X B T pr,X A T pr,Y B T pr,Y A T pr,Z B T pr,Z A T mr T op PMV
RH v air T pr,X B T pr,X A T pr,Y B T pr,Y A T pr,Z B T pr,Z A T mr T op PMV PPD
